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SECTION I

. PURPOSE

| —

| pert
.

Since there is a considerable amount of solar energy flux in the vicin-
ity of the earth's orbit, it would be desirable to have devices capable of con-

verting this solar energy into electrical energy. This study is concerned

prasy oy

with the feasibility of one such method of conversion employing the photoe

electric effect and an experimental photogenerator made using available

' — y

material and techniques. Since this photogenerator is expected to have uses

ful efficiency and a high powerepersuniteweight, it will be particularly suited

it

for space application.
This study has been divided into three major tasks: Task A, which
deals with preliminary studies; Task B, which has as a goal a sealed-off
- glass photogenerator; and Task C, which has as a goal a sealed-off, thine
glass photogenerator. )

Pl s ped pd e
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SECTION II

ABSTRACT

The use of photoemission to convert solar photon flux into electrical
power and the development of a high power-per-unit-weight photogenerator
guitable for use in space, are considered in this study. Experimental ree
sults obtained with the movablesanode WX<3964 are presented and show how
efficiency depends on anode-to-photocathode spacing. Thé results of the
bell-jar and WX.4220 phototub.e experiments arve given, showing the neces~
sity of clean tube components and the desirability of a small volume during
cesiation. A tentative design of a glass -tubing processing system is dis-
cussed and the design of the WX«4209 is given, showing the compatibality
of the two. A schedule of work for the next year is glven for both the
WX-4209 photogenerator and the thineglass photogenerator.
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SECTION III

PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES

On 9 Au;ust 1960, a meeting was held between Mr. Stuart Shapiro.
representing the Signal Corps, and Messrs. D. Callendar, A.S. Jensen,
G.R. Kilgore, I. Limansky, representing Westinghouse. The progress o;
the.contract and the work remaining was discussed, along with the possibil-
ity of continuing the contract.

* On 22 September 1960, a meeting was held between Westinghouse
Representatives and U. S. Army Signal Research and Development Labora-
fories personnel. Representing Westinghouse were Messrs. C. Arthur,

D. Callendar, 1. Limansky, and A.S. Jensen. Messrs. G. Hunrath,
S. Shapiro, W.:Schorr, H. Schwartz, and Dr. E. Kittl represented
USASRDL while Muncie Crost represented Evans Signal Laboratories.

Westinghouse gave an oral presentation which recapitulated the program

made to date, analyzed the results obtained during the last year, and mapped

out the program for next year.
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SECTION 1V

FACTUAL DATA

4.1 INTRODUCTION

The elose spacing reqbuired in the photogenerator imposes strin-
gent limitations with regard to the manner of processing this tube. If the
Bpacing is to be a few mils thick for the tube in its final form, as the theoret-
ieal study indicates, a host of problems arise as to the sealing method,
photosurface foymation, et¢. Even when the tube vacuum envelope is re-
latively thiek, many of the same problems are encountered. This report
describes the design of the tube under investigation, the problems met i{n its
processing and construction, and how these problems were resolved.

During this period, the emphasis was placed on the bell~jay
experiments and the WX-4220 photoemissian control tubes. In é&dition.

several WX-3964 photogenerators having movable anodes were made.

4.2 TASK A - PRELIMINARY STUDIES

4.2.1 Phase 2 - Electrode Processing

The general considerations involved in the preparation.and
processing of parts destined to comprise the photogenerator or the WX-4220
phototube have been ¢overed in detail in the last two semiannual repozts.
This report covers both the application of these considerations in the making
of photogenerator compc;nents. and the results.
4.2.1.1 Photocathode

Five glass photocathode substrates were prepared-,
according to the procedure outlined in the second semiannval report. Cope

per and chromium evaporations were carried out within a Veeco four=inch
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bell-jar system capable of being pumped to a pressure of 2 x 10.7' mm Hg. l
Prior to these evaporations, the soda-lime glasa substrate was Outgas‘sed
by heating in a vacuum. Adhesion of the copper to the glass was improved l
over the adhesion obtained with no outgassing, and the 10-mesh-per-inch
pattern was able to be etched into the deposited coppez with no incident. l
Manganese evaporation within the bell-jar upon the
photocathode substrate was done using electrodeposited manganese upon an '
8-mil tungsten wire. Some difficulty was expei’ienced with brittle, frangible
coatings until the evaporator was fired in vacwum to a tempera'ture just below l
the point of evaporation before use. l
Both manganese and antimnony evaporations proceeded
satisfactorily in the WX-4220 and bell-jar experiments. When cesium was '
admitted however, the expected photoemission did not develop, even when the
photocathode substrate was heated to 150-170°C, the reaction range of the |
cesium antimonide. Reasons for this fault and ways to overcome it will be
noted in a subsequent section. l
4.2.1.2 WX 4220 Photoemission Control Tube
This tube is used to check on the photocathode proc- |
essing during the course of this program. Its tentative construction was
shown in Semiannual Report No. 1 and the. present construction is shown in |
figure 1.
' Of the ten WX-4220 tubes made during the period |
July-August 1960, all but two failed due to a leak which developed in the tip-
off. The first two tubes had poor contact to the aluminized photocathode l
contact coating. However, subsequent tubes corrected for this by including
three photocathode contact:springs as sl}ow.n in figure 1. Trouble was also I
experienced with the aluminium photocathode contact coating deposited in a
vacuum system where no steps were taken to prevent the backstreaming of I
vacuum pump oil vapors dIerng the aluminium’ evaporation. Bulbs prépared
I
I
I

on this system were contaminated with the pump oil and had n6 measurable

photoemission.
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Figure I.. WX-4220 Photoemission Control Tube

In all cases, the performance of the tubes during
processing were mediocre and the photorasponse during processing did not
follow the normal course. During the formation of an acceptable photoéathode.
the photoresponse and leakage current decreases to a minimum as the cesium

combines with the antimony to form cesium antimonide. Further processing
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(baking at 160°C) causes the photoresponse to increase to a maximum and the

leakage current to fall to zero. In the case of the WX-.4220 tubes made dur-

ing this period, the photoresponse never increased past the minimum, no

matter how long the tubes were baked, Table I is 2 chronology of a yepre-

sentative tube during processing.

10

TABLE |
CHRONOLOGY OF WX.4220, NO. 7

1. On System at 1100, 3 August 1960.

2, Bakeout:
Time Temperature Pressure in Manifold
1130 240°C 8 x 10~ mm Hg.
1215 400 3 x 107 mm Hg.
1405 25 . 7 x 10-7 mm Hg.
3. Mangane se Evaporation: .
7.5 amps at 7 x 10 7mmHg

light transmission measurement 100% -80%

4. Manganese Oxidation

150 microns with Power Supply set at 410 volt at 10 microamps
(started with Tesla coil) light transmission measurement
88% = 96%

5. Antimony Evaporation

4.5 amp at 7 x 10-7
light transmission measurement 100% — 70% first trial
70% == 62% second trial

6. Cesium

Oven at 150°C, cesium generator increased 1 amp per minutae,
6.2 amps cesium involved. Maximum photoécurrent during
cesiation, 6 microamperes, mostly due to dark current. Pl o=
toresponse from 0.001 to 0. 0017 microampere.

7. Tipped-off.

s P P .

J =0 |

% |
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4.2.1.3 Anode

* No change was made in the anode structure of the
ephotogenerator. As noted in the second semlannual report, the anode ¢on~
sists of a woven stainless steel mesh, 300 mesh per inch, with silver elec-
troplated on the side facing away from the photacathode and silicon monoxide
vacuum deposited on the side facing the photocathode. The mesh is welded
to an anode mesh support.

Preliminary tests indicate that the insulating coating
does not perform its primary function of insulating the photocathode from
the anode, since when the two are brought together a short circuit invariably
occurs. Some additional work has been done with magnesium fluoride which
was deposited on élass microscope slides for investigation. Some thought
has been given to using a flat, etched copper mesh similiar to that previously
used in the WX-3964. The structure of the WX-4209 has also been changed
to permit the use of a welding ring, since contact may h;—we been present
between the ends of the mesh protruding in the direction of the photocathode.
4.2.1.4 . Wide-Spaced Photogenerator - WX-3964

WX-3964 tubes were originally intended to be used to
determine the effect of anode surface conditions upon the operation of the
photogenerator. However it became quickly apparent that the design and
processing of this tube was not sufficiently under control to geparate the
effect of the anode surface from the other variables influencing its operatibn.
The basic design of the WX-3964 was changed therefore, to permit the anode
mesh to be moved by a small amount relative to the photosurface (see .
figure 2). Also, the aluminized contact ring was extended so that the aper-
ture of the photosurface was only 14.5 instead of 20 square centimeters.

This was done to insure good contact between the photosurface and the alu-

. minized contact ring.

11
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Figure 2. Complete Image Mount (Revision) of WX-3964
Wide-Spaced Photogenerator

The WX-3964 tubes were assembled at the Camera
Tube Section and shipped to Baltimore for processing. The tubes were not
prepumped at the Camera Tube Section nor filled with an inert atmosphere
for shipping purposes, Of the nine tubes shipped to Baltimore, one failed

during processing and four had poor tip-offs and went to air shortly after

12
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they were takea off the processing station. Data taken on five tubes may be
seen in table 2. Table 2 also contains the experimental results obtained with
the first group of six tubes which were assembled and processed at the
Camera Tube Section for comparative purposes. Appendix A is included to
show on-the-pump processing information on these tubes; reference to this
section will show that of all the tubes processed, tube E-3 was the only one
showing the proper photocurrent versus time relationship. Tube E-3 also
had the highest microamperes per lumen response of all the WX-3964 tubes
made. However, as a photogenerator it had less power output than tube E-8,
Tube E-5 had silver-bismuth evaporated to a' light transmission of 3 percent
during on-the-pump processing; although its photoresponse was low (6 micre-
amperes per lumen) as a photogenerator it had a higher efficiency (0.009 per-
cent) than that of tube E-3 (0.001 percent). The same phenomenon was ob-
served in tubes 4 and 5 made by the Camera Tube Section and reported in the
second semiannual report. Table 2 shows that although the spacing between
anode and photocathode for these tubes was essentially the same, the effi-
ciency of tube 4 was three times as great as that for tube 5, even though the
photoresponse of tube 4 was 1/4 that of tube 5. It 'leema that the thickness of
the photosurface plays an important role in the photogenerator process.

The tubes processed at Special Electron Devices
during this period were fabricated with movable anodes to make it possible
to determine if there was any evidence of improvement in efficiency of power
conversion due to a closer spacing of the anode and photocathode. Table 2
shows that there is a definite relationship between the distance scparating
the photocathode and anode and the efficiency .of the phdtogenerator. Unfor-
tunately, the sepai-ation could not be measured with any degree of accuracy,
since the anodes were not fastened postively and could not be trusted to stay
in a given position during a series of measurements involving excessive

handling.

13
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. Note that & value of photoresponbe (i. ., micro-
amperes per lumen) is given as part of the data in table 2. It {s important
to record this value, although it does not have direct bearing on pilotogen-

“erator output, singe it compares the quality of the photosurfaces made in this

laboratory with photosurfaces made throughout the industry. Since a Jumen
is a unit of visible light power, it.may be possible to extract valuable power
conversion data from this measurement. However, there is no general
relatiénship bet;veen the radiant energy and the luminous flux emitted by a -
light source. Therefore, the best relationship that can be made is to define
the luminous flux as the least mechanical equivalent of light (5560 ;\).
Nevertheless, this reading is still valuable in monitoring the quality of the
photocathodes made in this laboratory and comparing them against those
made in other laboratories. )

| Ta this end, a photocell testing station was cone
structed to give a solid angle subtending a light flux of 1 lumen (Appendix B).
The photoresponse measurements of table 2 were obtained with the use of
this statiop, and the results obtained earlier at the Camera Tube Section for
tubes 1 through 6 were checked and found to be within experimental error.
However, before this test set is considered an acceptable standard, it will
be necessary to recalibrate the test lamp at a color temperature of 2870°K, .
the accepted value for a light source to give the absolute luminous sensitivity
of a photodiode. The photoc ell test lamp employed in the photoresponse
measurements given in this report was operated at rated voltage (10. 7 voits)
which gave a higher color temperature'(3104°!{) than required.

For future measurements of spectral sensitivity of
the photoemissive coatings, Osram Spectral lamps have been ordered: one
mercury lamp with a window to extend the range in the ultraviolet to 230
millimicrons and one sodium lamp. Also, Bausch and Lomb second-order
interference filters which pass the 436, 546, and 589 millimicron lines with

8 millimicron half-width have been ordered.

15
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4, 2.2 Phase 3 - Bell-Jar Processiag System
The primary goal of the bell-jar processing equipment is
the evaporation of a photosurface upon the photocathode substrate, and a low

work-function surface upon the anode. Since the two are in close proximity
in a finished photogenerator, it is necessary to have a method of moving
them relative to each other after evaporation of the base metals. In addition,
the processing system should be versatile and easy to clean. Also, an
electrical measuring system should be included to determine the percent .
light-transmission through the photocathode substrate, photoelectric re=
spox;se, and the degree of vacuum in the system.

4.2.2.1 Mechanical Arrangement

The evaporation can design was changed from an
enclosed, unheated glass cylinder to a semienclosed heated élan cylinder
(see figure 3). It was hoped that heating the photosurface glass substrate
would accelerate the rate of reaction between the cesium and antimony, but
the results proved disappointing. Cold cesiation (using an enclosed, un-
heated glass cesiation can) appeared to give a large initial photoemission
whicﬁ subsequently decayed to a negligible amount within an hour. Hot
cesiation within a semienclosed glass cesiation can did not improve the
situation, i.e., the photoemission did not have the large initial surge and
the photocurrent still decayed to a negligible amount within an hour.

No other changes in the mechanical arrangement as
described in the last semiannual report were made, and emphasis was
placed on obtaining as much information as possible from the bell-jar proc-
essing station before proceeding to the glass-tubing vacuum system

mentioned in the second semiannual report.

16

el el el L

i e Dand

pomat  Tonni



/3"

ﬂw@

2

9462

-—-r % |¢

y
- .
m 9
L] 0
i T w <«
-+ 2>
T = [ L m “ )
. = !
- F >
(AR SRR LS L N ALTTARTERARALLEERLYLE WS M ‘m
I ®
| b4 )
— - ®
<
T T T T T TR R L LR L R ~
[*]
®
- L] ”
" - i ...I.........I-....“.....I.....I__....._-....i..l ”.
g i 1] N 2
“_ ] .J - L..r E
J E "F ~ 5 { o
£ | : _.
i \ N N g
o i = o S
0 - e ————————— ._w-l...u..m.n..fjnr_. o
- -_.. L] Ny o
5 w | A n O
= = L] > o
- “ ﬂ " H e R l" o
w
E s ' T - .m
" (%] “ - I...ll1.l|..;1rl.....l..|11..|1nl1.;l-.ltul1hlnl.n1.l — @
L] e e
o (&)
r ! B -
RS "’.‘.'""'.’""“”‘"”’1 — ”._ o
. . @
el n @ 3
: ot o oo
o2 4
T T T T T W O O o R T T R om. = =
&
<z o
“
3E
wo
So
L4

] e eed e pd g ] e e e ey ] =i o4 l e W



S @ i . 9462

4.2.22 Electrical Arrangement

Figure 4 is a schematic diagram of the photoemissione
photogenerator measurement circuit included in the processing station. This
circuit will proyvide & quick test connection to the photogenerator under test
for either a photoemission test, oz to determine the amount of power output
from the tube as a photogenerator. The information {voltage across R3 or
R ‘) 1s presented upon the We.uton Strip Chart Recorder through the automatic
re-adout chassis described in the second semiannual report. Resistors 'R3
and R PR usually fixed as noted in figure 4, but may be varied if mor?

extensive tests are required.

Ry t -,

PHOTOGENERATOR
UNDER *
TEST

10 ORANGE
AUTOMATIC
READOUT A

UNIT - 1 UA
WHEN CHART
READS 100 {REO)

PHOTOEMISSION
R L R3

NORMAL VALUES
Ry IMEG OMM, | VOLT £ s. CHART

Rz 500 KILOWM, 0.5 VOLT f. 9. CHARY
A3 B KILOHM
Re 3 KiONM

R 98060 OHMS }sv ts. vourmeren

] 50 MICROAMPS BASIC MOVEMENT
. Re HELIPOT
Rg 0.735 N S000 OMMS (TO GIVE 4.5vi [ MODE L TIO ¢
B) 6 VOLTS
9
'll!L
a1 M Y
+ 81
18010Y-351-VB -4
Figure 4. Schematic Diagram of Photoemission-
Photogenerator Measurement Circuit
18
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43  TASKB - SEALED-OFF GLASS PHOTOGENERATOR

The aim of this task is fo construct a thin, photoemissive power
converter (Phase 2). As an intermediate step, the photogenerator is
processed in 3 demountable vacuum gystem (Phase 1) to determine its
characteristica as a function of the anode-to-cathode spacing, anode surface,

' and other parameters.

4.3.1 Phage 1 - Bell-Jar Experiment
Three additional bell=jar experiments were conducted but

none produced useful data with respect to the characteristics of the photo-
generator. The pumping schedule outlined in the second semiannual report
was used with minor variations (i. e., greater amount of cesium, cesiation
can heated), No difficulty was experienced with evaporation of the base
metals, antimony and manganese. However, cesiation did not produce the
desired effects. Consequently, it must be concluded that in every case
cesiation was incomple.te. While there was definite evidence of photo-
emission, the magnitude was so small that true space charge conditions
could not be established to test the photogenerator concept. This test
requires that a sufficient number of photoelectfons is emitted to constitute
a space charge' somewhere between the photocathode and a movable anode.
By moving the anode relative to the photocathode by knowa increments and
measuring the efficiency of the photogenerator, it should be possible to find
the optimum anode-to-cathode spacing for maximum efficiency.

Experience with the bell-jar processing system showed
that a number of factors contributed to incomplete cesiation. In spite of the
care taken to minimize the number of components used in the vacuum ays-
tem, the number was still considerable and each component was a source of
gas during cesiation. Also, the volume of the Bellv-jar was too large to
permit sufficient cesium pressure to be built up to allow the formation of
cesium antimonide, particularly if a portion of the cesium was removed as

a result of gettering the occluded gases within the bell-jar walls.
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The zeolite trap, althaugh successfully used for the
r.eduction of oil'backstreaming, could not be isolated from the bell=jar during
its degassing cycle and was a possihle éontributor of gas. The zeolita can
be expected to have a high affinity for cesium and may actually act as a
cesium getter..

Deficiencies with the photocathode substrate transport
mechanism {see figure 5) were also nated. To have close spacing and
parallelism between the photocathode and anode, the mechanical tolerances
of the transporting.device had to be closely held. However, this was not
practical due to the amount of play in the rotary motion device.: Because of
the cantilever construction of the transporting device, it would not be
possible to apply adequate pressure to make the indium cold seal during the
final sealing step of the processing.

In general, the bell-jar approach had certain inherent dis-
advantages which could not be overcome within a reasonable amount of time,
and which were not immediately apparent at the start of the investigation.

4.3.2 Phase 2 - Sealed-Off Glass Photogenerator

Most of the work during this period was performed on the
WX-4220, the WX-3964, and the bell-jar experiments. Little work was
done with the WX-4209. Five sets of parts were readied for sealing exper-
iments with the WX-4209 and an anode support and mesh assembly were used
as the anode in the last two bell-jar experiments; however, no active attempts
to assemble the anode and glass backing plate were made.

In preparation for the work of the next period, several
changes were made in the design of the WX-4209. The aperture of the photo-
cathode was reduced to 2-5/8 inches and the anode design was changed to
permit the use of an anode mesh support ring (see Appendix C). This ring
will permit the anode mesh to be welded to the anode mesh support as shown,
and will prevent the stray ends of the mesh from contacting the pﬁotOCathode.
The material of the anode is to be Sylvania Alloy No. 4 or an equivalent
metal (Driver Harris No. 14; Carpenter No. 426) having the coefficient of

. expansion of soda-lime glass (92 x 1077 e¢m/cm/° C).
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Figure 5. Transport Device Attachment for Use in Kinney Station
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SECTION V
CONCLUSIONS

It was found that the bell-jar processing station was not the ideal con-
figuration within which to make photogenerators. Its limited accessibility,
large volume, and unwieldiness were noted during the course of the bell-jar
experiments, and it was observed that full cesiation of the photooeno.itive
surface was never effected. Work with the WX-4220 showed tilat cleanliness
was of greater importance than heretofore believed. Even though the photo-
response of a given WX-4220 was high at some time during its processing,
the photoresponse invariably was low upon tip-off, indicating incomplete
formation of cesium antimonide. Normally, cesium antimonide is a stable
compound at room temperature and only the presence of contaminants will
cause it to disappear. . Finally, the evidence of the WX-3964 tubes assem-
bled in the Camera Tube Section, and successfully processed at Baltimore,
points out the importance of adequate prbcessing prior to on-the-pump pro-
cessing, and shows that the pumping schedule and pumping equipment for the
WX-4220 was reasonable for this purpose, since these tubes showed com-
parable photoresponses to those pumped in the Camera Tube Section.

The main difference between the WX-4220 and WX-3964 tubes was the

-extensive cleaning and firing done on the WX-3964 parts at the Camera Tube

Section, as compared with only chemical cleaning done at the Baltimore Lab-
oratories. Evidently, chemical cleaning is not sufficient processing for
phototubes and it is necessary to further degas the components parts. Pro-
visions are being made to vacuum fire the WX-4220 metal and ceramic parts

before assembly within the tube.
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The same precautions apply to the parts within the bell~jar processing

station. Due to the large physical size of some of the components contained
within the bell-jar, it was not possible to vacuum fire them using the equip-
ment on hand at that time. Some outgassing was done during the course of
the processing by virtue of the heat radiated by the zeolite trap and substrate
heater contained within the bell-jar, but it was insufficient to cause complete
degassing. In particular, the bell-jar could not be heated to a suitable tem-
perature due to the danger of implosion: all these factors contributed to the
large volume of contaminating gases suspected to be within the system.

Also, when the zeolite trap was being outgassed, the evolved gases would be
discharged into the bell-jar, since there was no way to isolate the trap from
the bell-jar.

Therefore, in addition to the objections given to the bell-jar process-
ing system in the second semiannual report, experience with the WX-4220,
WX-3964, and the bell-jar experiments, added substance to the belief that
a radical change was necessary in the processing system. This change was
tentatively outlined in the second semiannual report and is shown‘schemati-
cally in figure 6, and to scale in figure 7. The aspect of the glass cross has
been changed from the one shown in the second semiannual report, to one
that avoids a cantilever arrangement for the anode assembly transport
structure. Figure 8 is a sketch of the anode support structure and may be
seen to have provisions for attaching an ULTEK gettering pump and a cesium
generator. The latter would be of the normally stable cesium chromate-
silicon mixture, placed in a nickel tube, and capable of being heated by RF
energy.

Figure 9 shows the photocathode substrate support structure, includ-
ing the antimony and manganese metal evaporators. Reference to figures
& ar-ld 9 will show that when the stainless steel constriction and anode sup-
port plate are in a horizontal line, the volume between the photocathode
substrate and the anode is closed off from the rest of the system. In this

position, it is also possible to operate the ULTEK gettering punip by
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Figure 6. Glass Tubing Vacuum System

connecting a high voltage to the pump th;ough an extensible connector pass-
ing through the bottom plate holding the anode assembly transport device.
During the sealing of the anode and cathode, this pump will be useful in de-
termining the quality of the seal, since it is also a vacuum indicator. During
the sealing procedure, a small amount of rare gas can be introduced into the
system, and leakage of this gas through the photocathode-anode seal can be
detected by the pump. In particular, this arrangement permits the cesium
to be released within a small volume so that sufficient pressure may be
built up within this volume to allow the cesium antimonide reaction to go to
completion.

One of the objectives of the first year of investigation was the determi-
nation of the efficiency of the photogenerator as a function of the distance be-

tween the photocathode and anode. Due to the difficulties with the bell-jar
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Figure 7. Photogenerator Processing System

processing system, it was not possible to gather significant data as origi-
nally planned, although experimc;,nts with the WX -3964 showed that there
was a definite relation between the photocathode -anode spacing and effi-
ciency. Figure 10 is a drawing of the processing system shown in figure 7,
but being pumped by a 5-liter-per-second Vaclon pump, and capable of
being moved outdoors for measurement of photogenerator characteristics
under actual operating conditions. It should be noted that at the same time,
the Kinney Vacuum Station can be time shared for the processing of WX-4220
tubes, as shown in figure 11. In all cases, the Biondi Non-Refrigerated
trap can be outgassed without exposing the contents of the processing sys-
tem to the evolved gases, since valve No. 1 can be shut. Also, the Biondi

trap does not have to go to air each time the processing system is converted
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Figure 8. Anode Support Structure
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When the Kinney system is

for either WX-4209 or WX-4220 processing.

not used for processing, it can be kept in operation thereby maintaining the

Biondi trap in a condition of continual readiness. This was not possible with

the bell-jar system, and it was necessary to go through a long (one day) de-
gassing period prior to processing. All in all, the proposed design is ex-
pected to resolve the problems experienced with the bell-jar processing sys-

tem, and provide a versatile processing setup for all phases of the photo-

generator program.

PHOTOCATHODE SUBSTRATE
QUARTZ PLATE —TEFLON SPLITRING
COPPEN CONTACT

TEFLON :
TANLESS STEEL

SUPPORT PLATE

HOLD DOWN RING

7Y

. H= -
= (2 STAINLESS STEEL
LEVELA T , .. . . CONSTRUCTION
I - o LY X
P o = - . .
vz Iy ~~». 1 || L-sHiELoREMOVABLE)
I 318 2 v A
IR e | b mancanese
e e e e - ANTIMONY
o ||

o ——

18010-Y-35]-VA-9

Figure 9. Photocathode Substrate Support
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SECTION VI

PROGRAM FOR NEXT INTERVAL

6.1 GENERAL

Based upon the investigations performed duri!ig the past year,
the effort during the next interval will be aimed in three main directions:

a. The glass tubing processing system construction and wutili-

zation;
b. Construction and processing of WX-4220 photoemissive

control tubes;
c. Construction and sealing technique of the WX-4209 photo-

emissive solar powe'r converter.
In addition, several subsidiary programs will be undertaken,
some of which will be extensions of work started during the last period,

while others will be generated by results obtained during this reporting pe-

riod.
To conform to the statement of work on the ""Proposal for Photo«~
emissive Solar Power Converter'' dated 16 September 1960, the Task-Phase .
notation will be changed as follows: |
Task A - Preliminary Studies
Phase 1.- Electrode Surface Studies
Phase 2 - Glass Tubing Processing System
Phase 3 - WX-4220 Photoemission Control Tube

Phase 4 - Measurement Techniques
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Task B - WX-4209 Thick-Glass Photogenerator
Phase 1 - WX-4209 Vacuum Sealing Methods

Fhase 2 - WX-4209 Glass-Sandwich Photogenerator
(Demountable)

Phase 3 - WX-4209 Glass~-Sandwich Photogenerator
(Sealed -Off)

Task C - Thin-.Glass Photogenerator
Phase 1 - Thin-Glass Vacuum Sealing Methods

Phase 2 - Thin-Glass Sandwich Photogenerator
(Demountable)

Phase 3 ~ Thin-Glass Sandwich Photogenerator (Sealed-Off)

The following areas will be concentrated upon during.the next

a. Task A, Phase 2 - Glass Tubing Processing Syst.em.;

b. Task A, Phase 3 - WX-4220 Photoemission Control Tubes;
c. Task B, Phase 1 - WX-4209 Vacuum Sealing Methods.
TASK A, PHASE 2 - GLASS TUBING PROCESSING SYSTEM

A brief description of the glass tubing processing system and the

reason for its necessity is covered in Section V. The component parts will

be made and tested on the vacuum system. A partial list of the problems

that are expected during the construction and shakedown are as follows:

a. Outgassing of the components;

b. Design of evaporators;

c. Heating of components during cesiation;

d. Measurement of temperature;

e. Mechanical alignment of ariode and photocathode;

f. Procedure and configuration for sealing under vacuum

(together with Task B, Phase 1);

g. Feasibility of operating processing system with 5 liter per

second Vaclon Pump.

During the testing of the processing system, parts made for the

- WX-4209 will be used since this will be the photogenerator configuration that

will be made during this period.
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6.3 TASK A, PHASE 3 « WX-4220 PHOTOEMISSION CONTROL
TUBE :

The work upon this tube will take place coincidentally with work
done with the glass tube processing system, since the results will be directly
applicable. The processing of this tube will be altered to‘ include vacuum
firing of parts prior to use, and the magnitude of the photoemission current
will be used as before to gage the degree of cleanliness required in the proce
essing system.

6.4 TASK B, PHASE 1 « WX-4209 - VACUUM SEALING METHODS

The work will concentrate upon sealing the glass and metal parts
of the anode subassembly, since this subassembly is required for both the
gedled-off and demountable versions of the WX<4209. At the same time,
work will be started upon sealing the photocathode to the anode. This will be
done first in air, then on dummy tubes within the processing system in an
effort to determine a sealing method compatible with the method of process-
ing. '

6.5 OTHER WORK TO BE PERFORMED

Task A, Phase 4 (Measurement T_echniques) will be continued.
This phase will be concerned not only with electrical measurements of effi-
ciency of the phbtogene rator, but also the determination of the equivalent
circuit of this device, its spectral sensitivity, and tie design of experiments
required to prove the photogenerator concept or to optimize its efficiency.

It is expected that this will also pave the way for an assessment of the effect
of the electrode surface (Task A, Phase 1).
6.6 . SCHEDULE OF WORK

A schedule for the next two periods is given in figure 12, showing
the comparative time occurrence of the various phases of the program given
in Task-Phase Notation. Although it is difficult to predict what the outcome
of various investigations will be and base a firm schedule upon this predic-
tion, the well-defined program set forth in figure 12 will permit the use of

this schedule as a series of reasonable goals.

33



9462
Py=
JAN FEB MAR APR
GLASS TUBING
STATION DESIGN
TASK A COMPLE TED
Z
PHASE | — SURFACE STUDIES / 19Fes N
#PHASE 2-— GLASS TURING PROCESSING SYSTEM — DESIGN —n CONSTRUCT 0
LEAOTIME :
GLASS TUBING PROCESSING SYSTEM -+ CONSTRUCTION } 29 MAR  epmpmandns
GLASS YUBING PROCESSING SYSTEM — TEST >
LT LR
LS L
#PHASE 3 WX=—4220 — PARTS FABRICATION S = —
- -
wx — 4220 PROCESSING -nl - -—’b‘m .
TEST ' ] x
# PHASE 4~ MEASUREMENT — PLANNING -—
EQUIVALENT CIRCUIT ao———
ANOOE
SUBASSEMBLY
TASK B FIRM
#PHASE |~ WX— 4209 — SEALING TECHNIQUES — ANOOE SUBASSEMBLY -t 9 APR
F
Wi — 4209 — SEALING TECHNIQUES — ANOOE TO CATHODE wx e209 TuBEl T -
26 MAR
DESIGNED
PHASE 2— WX— 4209 — OEMOUNTABLE — PARTS OESIGN 12 FEB
PARTS PREPARATION ’ . .
LEADTIME
TEST ANO PROCESSING . ™ |,
SUBASSEMBLIES T b
PHASE 3= WX— 4209 — SEALED OFF - PARTS PREPARATION AND FABRICATION cm e = o\ =
PROC ESSING —L
IST
TEST ANO EVALUATION SUBASSE MBLY
SUBASSEMBLIES MaDE
TASK C
PHASE | —THIN GLASS SEALING — TECHNIQUES
TEST
PHASE 2,3 — THIN GLASS, DEMOUNTABLE, AND SEALEQ OFF — PARTS DESIGN e B
PARTS PREPARATION LEAQTIME e
PROCESSING
PROCESSING AND SEALING
)
! -
MONTHLY REPORT rmips T - - -
SEMIANNUAL REPOR? o
2518 15 2229)|9 12 19 26|38 (2 1926|2 9 i6 23 30|7




9462 A A

JAN FEB MAR APR MAY JUNE JuLy AUG SEP ocY NOV .14
GLASS TUDING
STATION OESIGN
COMPLETED
p
19 FE®
vorlle COMSTAUCT. apDItions
LEAOTIME
TION ‘--- 20 MAR 14 MAY
PARTS
MACE
—cnsiph O - -— il - — . - o d
25T “Than T by 1% un P g o Tiee Pocr i
x X x x M x X X X X
it a—opmunlp
REEVALUATE
emssunammanly
anoot
SUBASSEMOLY wx- 4209
FIRM ASSEMBLY
SSEMBLY —uugy 9 APR COMPLETE
‘ 26 FEB
ATHODE WX 4209 TUBE |1 JuN
26 MAR
DESIGNED
1sT
iy 2 FEB OE MOUNTABLE
N N R WX 4209
ADTIME M M
5 ING LEADT! e KL 31 MAY
— 6 4 7 7
LEADTIME —— — -t
AND FABRICATION co =l e = =\ w|
+ _—La WL onis
T IST SEALED
TION Seassewey oo==l® OFF WX4209 — —= —
MADE et 2 JuL . . il
N 7
1ST SUBASSENBLY \(1
FOR SEALED :
OFF UNIT
'?
1 ST THIN GLASS 1
F — PARTS OESIGN c—————0 PNOTOGEN.
PARTS PREPARATION LEADTIME . . 27 SEP |
PROCESSING —— -t |
PROCESSING AND SEALING 1
— — — - - -—p -/ - L __J L ] - ol pi
- [
. - fnsamutiubuty L ]
25|6 15 2220|812 9 26[5 12 19262 9 6 2z BO|7 16 21 26{8 @ 28| 2 9 1625 0|6 19 2027[3 10 17 86| 1 © 10 EH29[V 13 1928 » 10 1P 24 J
10010-Y- 191-VC- 12 i

Figure 12. Schedule of Work

35/36



fomee

—

e

| " - .1 |;i‘ii'l' '7‘.“

SECTION VII
iDENTIFICATION OF PERSONNEL
1.1 PERSONNEL ASSIGNED

IGOR LIMANSKY (2086 hrs., 28.5% of Total Effort to Date)

Education

University of Rochester, B.S. in Mechanical Engineering, 1945

New York University, M.S. in Electrical Engineering, 1953

University of Michigan, M.S. in Nuclear Engineering, 1957

Professional Experience

1947 - 1955

1955 - 1959

Since 1959

Military Service
1943 = 1946

Accomplishments

Amperex Electronic Corporation, Hicksville, Long Ise
land, New York. Engineer. Designed a variety of test
equipment to check hydrogen thyratrons, magnetrons,
high-voltage rectifiers, and geiger tubes.

The Martin Company, Baltimore, Maryland. Senior
Engineer. Circuit design engineering, pulse and wide-
band VHF amplifier.

Electronic Tube Division of Westinghouse Electric
Corp., Baltimore, Maryland. Senior Engineer.
Development work on special electron devices.

U.S.M.C.R. Participated in the occupation of North
China.

Two papers on hydrogen thyratron jitter given at the Third and Fourth
Hydrogen Thyratron Symposium.

Affiliations

Member of the IRE
American Physical Society
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ARTHUR 8. JENSEN (546 hrs., 7. 4% af Total Effort to Date)

Education

University of Pennsylvania, B.S., 1938

Univerzsity of Pennsylvania, M.S. in Physics, 1939

University of Pennsylvania, Ph. D. in Physics, 1941

Professional Experience

1941

1945 - 1957

Since 1957

Military Service

1941 - 1945

Accomplishments

Naval Research Laboratory, Waahihgtori. D.C.
Research Physicist. Research in radar circuits.

RCA Laboratories, Princeton New Jersey. Research
Physicist. Research and invention in fields of storage
tubes (The Radechon), switching and coding tubes, pulse
amplitude analyzers, color television systems, band.
width compression, panel displays, gas discharges,
secondary emission of insulators.

Electronic Tube Division of Westinghouse Electric
Corporation, Baltimore, Maryland. Section Manager.
Direct research and invention in fields of storage tubes,
switching and coding tubes, photoelectric devices, infra-
red detectors, and other special electron devices.

U.S. Navy, Officer-Instructor in Physics, U.S. Naval
Academy, Department of Electrical Engineering.
Captain,. USNR.

Eight patents have been issued, four patents are pending, and ten
Westinghouse disclosures are in process.

Fifteen articles in Phys Rev., RCA Rev, Amer. J. Phys, etc.

Affiliations

Senior Member of the IRE.

Editor of "The P.S.," Local Bulletin of the Princeton Section of the
IRE, 1955 and 1956.

Member of the IRE sub-committee, 7.-10, Storage Tubes.

Member of American Physical Society, American Association of
Physics Teachers, AAAS, U. S, Naval Research Reserve, Pi Mu
Epsilon, and SigmaXi.
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EDWIN F. WOOD (1791 hre., 24. 4% of Total Effort to Date}

Education . _
Rochester Institute of Technology, A.A.S. in Chemlistry, 1954.

Rochester Institute of Technology, B.S. in Industrial Chemistey, 1956.

Professional Experience _

1951 - 1953 Westinghouse Electronic Tube Division, Eimira, New
York, Laboratory Technician in Applications Engineere

) ing.
1953 - 1956 Navy Ordnance Division, Eastman Kodak Company,

Rochester, New York, Technician in Metal Plating, _
Metallurgical, Analytical, Plastic, and Quality Control

Laboratories.

1956 « 1956 RCA Electron Tube Division, Harrison, New Jersey.
Associate Engineer. Chemical and Physical Laboratory.
Development work on vacuum tube materials and proe

cessing.

1958 - 1959 Nicolet Industries, Florham Park, New Jersey.
' Chemist. Research and analytical development work on
asbestos products and fiberglass-plastic laminates.

1959 Electronic Tube Division of Westinghouse Electric
Corporation, Baltimore, Maryland. Associate Engineer.
Working on development of special electron devices.
Military Service
1944 - 1946 U.S. Army. Heavy weapons infantry, radio school and
_ military police. :
Accomplishments

RCA Technical Report, '"The Effect and Remedies of Parasitic
Oscillations during the Aging and Life<testing of Tubes. "

Patent disclosure related to above concerning a device for internal
suppresion of parasitic oscillations.

Affiliations
Associate Member, Institute of Radio Engineers.
Student Affiliate of American Chemical Society.
Member of American Radio Relay League.
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.2 OTHER ENGINEERING ASSISTANCE
_ (643 hes., 8.7% of Total Effort to Date)
7.3 TECHNICIAN SUPPORT
(2271 hes., 3.30% of Total Effort to Date)

1.4 ERRATA

The figures given above, represent a corrected estimate of the
total effort since the beginning of the contract 8 September 1959, 'fhe Sece
ond Semiannual Report !igﬁres given in Section VIl are in error, since the
total effort during the period 8 September 1959 through 31 December 1959
was not included. The Second Semiannual Report must therefore be corrected
to read after each accounting: (".... of Total Effort this period) instead of

("'.... Total Effort to date).
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APPENDIX A

TUBE PROCESSING DATA

The following tables show on-the -pump processing information on

representative tubes.
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OPERATION "TEMPERATURE TIME 1 1 I
(Ag-Bi) | lgetter) (cesiurn)
(amperes) [(amperes) | (amperes)
- e '
Bake 400°C 60 minutes
Leak check Room |
Getter outgas Room
Ag-Bi outgas and Room 1 minute 1.4
Evaporation Room 1 minute 15
Room 1 minute 1. 75
2.0
Oxidation Room ! minute
Cesiation 150°C 4.5
150°C 1 mingte 5.0
150°C ! minute 5.4
150°C 2.5 minutes 6.2
6.2
0
6.2
0




TABLE A-l
TUBE NO, WX.3962-2 ’
1 IMAGE | PRESSURFE. - PERCENT REMARKS
(cesium) } LEADS {mm Hg) . TRANSMISSION
(amperes) {microamps)
. Manifold valve open
2.4x107
Not done
4-7
47
4-1
4-7 50 perceat transmission
0.150 Glow discharge
4.5 3-6 Until outgassing completed f
5.0 3-6 -6 :
5.4 3-6 8 x 10_6 6 Valve open
6.2 3-6 8 x 10 18 Valve open
6.2 3.6 6 12 Valve open
0 3-6 8 x 10:6 4 Valve open
6.2 3.6 8 x 10_6 12 Valve closed
0 3-6 8 x 10 4 Valve closed
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.? l OPERATION TEMPERATURE | TIME 1 B e B
(Ag-Bi) (getter} |- {cesim
I (amperes) (amper_es}‘ (amper:
Bake 400°C 60:minutes | 1

i Leak check Room

Getter outgas Room 5 minutes 4.0

Ag-+Bi outgas Room 1 minute 1.0

and evaporation Room 1 minute 1.5

i Room 1 minute 1.7%

:" L 2.0

i Oxidation Room 1 minute

3

= Cesiation 150°C o

| { 150°C 5

j l50° c 50 s
- 150°C 6.0

.I i 150°C 6.4

;
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TABLE A2
TURBE NO. WX-3964-3

1 | IMAGE PRESSURE lPE PERCENT REMARKS
ter) (cesium) | LEADS (mm Hg) (mi TRANSMISSION
microamps)
veres)| {amperes) .
i o - i R L
» Spark faceplate with high
voltage
4-7
4-7
4-7
3.7 38 percent transmission
0.150 66 percent transmission (glow
discharge)
0 3.6 1 x 10:2 0 Valve open
5 3-6 1 x !0.6 16 Valve open
5.5 3.6 1 x 10.6 13 Valve closed
6.0 3-6 1 x l().6 6 Valve closed
6.4 3-6 1 x10 12 Valve closed

$5/46
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OPERATION TEMPERATURE TIME /' I 1 1
(Ag-Bi) (getter) (cesium)
(amperes) | (amperes) | (amperes)
QOn exhaust 250°C 09:40 C '
{Bake) 300°C 10:05

. 400°C 10:35
Room 10 second

Ag-Bi outgas Room 13:15 +

and evaporation Room 30 seconds 1.0
Room 30 seconds 1.5
Room 30 seconds 1.7
Room 30 seconds 2.0
Room 30 seconds 2.1
Room 30 seconds 2.2
Room 30 seconds 2.3

Oxidation Room 1 minyte

Cesiation 165° 0
165° 15 minutes 3.8
165° 0
165° 1 minute 5.0
165° 1 minute 5.4
165° 2 minutes 5.8
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: TABLE A-3 MR
TUBE NO, WX-3964-E-4 |
1 IMACE | PRESSURE H top PERCENT REMARKS
r) f{cesium) | LEADS { (mm Hg) {microamps) TRANSMISSION I
es) | (amperes) :

= 10::

8 x 10_s

2x 10

0.10 Glow dischargeé faceplate

with 0
2
4.7
5 percent transmission

0.150 5 percent transmission
0 3-6 5 4 microamps leakage current
3.8 3-6 6 x 10" Outgas
(] 3-6 0.1 microamps leakage current
5.0 3.6 1.0
5.4 3-6 3.5
5.8 3.6 10

47/48



pE— e ===
OPERATION TEMPERATURE TIME X 1
{getter) | {ces
{amperes) | (amp
Bake 400 °C 1 haur
Getter cutgas Room 5 minutes I 4.0
Spark Raoom 30 seconds
Ag-Bi outgas and Room 1 minute 1.0
evaparation Room 1 minute 1.8 .
Room 1 minute 1.7% ' H
Room 30 seconds 2.0
Room 1.5 minutes] 2.3
Oxidation Room 1 minute
Cesiation 150°C 15 minutes 3.8
150°C 1 minute 5.0
150°C 1 minute 5. 4
150°C 15:20 0
150°C 15:36 6.8
150°C 15:40 6.8
150°C 15:41 6.9
150°C 15:42 6.9
150°C 15:43 6.6
150°C . 15:45 6.8
150°C 15:47 6.9
150°C 15:50 7.0
150°C 16:51 6.8
150°C 17:05 0
Room 17:08 0
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TABLE A4
TURE NO.. WX-3964.E.3
t ) 1 IMAGE }PRESSURE lop PERCENT REMARKS . l
etter {cesium) | LEADS {mm Hg) . TRANSMISSION '
iperes) | {amperes) {microamps) .
| m
4.0
High voltage on faceplate
‘.1 .
4-7
4-7
4-7 C b 50 percent transmission
4-7 1x10 3 percent tranemission
{0.130) $ percent transmission
3.8 3.6 100 ~watt lamp at 2 feet
5.0 3.6 Anode volts +#20
50 4 3.6
0 3.6 0
6.8 3.6 0.12
6.8 3.6 0.60
6.9 3.6 0. 80
60 9 3'6 0. 92
6.6 3.6 1.20
6. 8 3-6 lo 30
60 9 3-6 —_— 1 l. 60
70 o 3-6 3. 00
6.8 3-6 3.00
0 3-6 2.80
0 3-6

2.70
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OPERATION TEMPERJKTURE TIME I 4
(Ag=-Bi) (getter) | {cesiu
{amperes) |(amperes) [ (amper
Bake 400°C 1 hour
Getter outgas Room 09:25 2.0
Spark faceplate Room 09:30
Ag-Bi outgas and Room 1 minute 1.0
evaporation Room 1 minute 1.5
Room 1 minute 1. 75
Room 09:37
Oxidation Room 1 minute
Cesiation 150°C 15 minutes 3.8
150°C 1 minute | 5.0
150°C 1 minute 5.4
150°C 10:35 6. 4
150°C 10:45 6.5
150°C 10:46 6.5
150°C 10:48 6.5
150°C 10:50 6.5
150°C 10:54 6.5
150°C 10:57 6.5
150°C 10:58 6.5
150°C 10:59 5.5
150°C 11:02 0.0
Room 11:05 0.0
Room 11:09 0.0
Flash getter Room 30 seconds 5.0 :
Room 11:13 0.0
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TABLE A-5
TUBE NO. WX<3%64.E-6
1 1 IMAGE {PRESSURE | I, PERCENT REMARKS
etter) | (cesium) § LEADS | (mm Hg) {micEoatmps) TRANSMISSION
nperes) | (amperes)
z. o
4-7
4-7
4-7 -6
4-7 2.5x10 30
(0. 150) 34 No glow discharge
3.8 3-6 10C.watt lamp at 2 feet
5.0 3-6 Anode volts +20
5. 4 3 '6
6.4 3-6 3.5
6.5 3-6 5.5
60 5 3'6 lo . 0
6.5 3.6 10.5
6.5 3-6 12.5
6. 5 3‘6 l l . 5
6. 5 . 3'6 3. 5
60 5 3‘6 ) 9 . Z
5.5 3.6 ' {Drop heater current to
1 amp per minute
0.0 3-6 13.0 Drop heater current to zero
0.0 3-6 15.0 Over raised {leakage)
0.0 ’ 3'6 l?- 0
5.0
0.0 5.0 i
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P:
OPERATION TEMPERATURE TIME 1 4 : 1
(Ag-Bi) (getter) (cesium)
(amperes) [(amperes) |[(amperes)
Evacuate Room 13:30
Bake 200°C 13:50
300°C 14:10
400°C 14:45
400°C 15:00
Room 16:45
Room 08:00
200°C 08:20
200°C 08:35
Room 09:00
Getter outgas Room 09:15 7.0
Ag-Bi outgas and Room 30 seconds 1.0
evaporation Room 30 seconds 1.5
Room 30 seconds 1.75
Room 30 seconds 2.0
Room 30 seconds 2.1
Room - 40 seconds 2.2
Spark faceplate Room 09:30
Oxidation Room 09:35
Cesiation 150°C 13:30 2
150°C 13:33 3
13:34 4
13:36 4.5
13:39 5
13:41 5.2
13:43 5.5
13:44 5.8
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; , "TABLE A-6 |
b . TUBENO. WX-3964.E.1
r I IMAGE' |PRESSURE lop | PERGENT ' REMARKS
(getter) | (cesium) | LEADS | (mm Hg) "~ (micro ) TRANSMISSION s
(amperes} {{amperes) - ‘ SHpe . |
S x N::
3x 10 .
Zx 10.5
1x10 6 Tura off oven
5x lo:s '
1 x lo.s
1x10 5
1.7x10° Tuen off oven
7.0 Tx l()'6 % minutes degas
4.7
|
9x10 -6
30 percent
3-6 36 percent Glow discharge
2 0
3 0
4 0
4.5 - 0
5 3x 10_6 0
5.2 3x10 6 0
5.5 3x 10 0
5.8 0

£3/54
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OPERATION

!

wI B

TEMPERATURE TIME F A T T o B
(Ag-Bi} [ (getter) {cesium) |
(amperes} {(amperes) | (amperes)
Cesiation 150°C 13:46 i
150°C 13:48 5.4
}50°C 13:52 5.8
150°C 213:55 5.8
150°C 13:56 6.0
150°C 14:00 5.4
150°C 14:07 6.0
150°C 14:20 6.0
150°C 14:26 6.0
150°C 14:31 6.0
150°C 14:32 5.0
150°C 14:33 4.0
150°C 14:34 3.0
150°C 14:35 2.0
150°C 14:36 1.0
150°C 14:39 0
150°C 14:45
150°C 14:46 6.8
150°C 14:50 6.0
150°C 15:00 0
Room
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TABLE A-6 {(Continued)

er)
ares)

I

(cesium)
(amperes)

IMAGE
LEADS

PRESSURE
{mm Hg)

PE

{microamps)

PERCENT
TRANSMISSION

REMARKS

COOCOOCOOOOE®DA

-

OmNVMUMGOTOTTVRBLUVLWNM

. o

© @

s » 0 9 8 O [ ]
COCCCROCTTOTTTRPTOTS

uwuuuuuc‘»uuuuuwuu

6x10

Llefb

NNNW.&UIO.\D-JI&-—-"OO
COOCOOCOOO VO~ B IR,

- o W W
BDnRnoo

"

Outgas

Reduce cesium current to 7 amp

per minute

Raise oven
Tip-off

N
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TEMPERATURE

TIME

OPERATION | ¢ "
{Ag=Bi) {getter) | (cesium)
(amperes) { (amperes) | (amperes)
Bake 25°C 08:15 “
200°C 08:30
300°C 08:45
400°C 09:18
Getter cutgas Room 10:45% -
Spark faceplate Room 10:50
Ag-Bi outgas and Room 30 seconda ] 1.0
evaporation Room 30 seconds | 1.5
Room 30 seconds 1.7%
Room 30 seconds 2.0
Room 30 seconds 2.1
Room 1 minute 2.2
Room 20 seconds 2.3
Oxidation Room 1 minute
Cesiation 150°C 12:00 2,0
150°C 12:02 3
12:05 4
12:07 S
12:12 5.5
12:20 5.8
12:29 6.0
12:30 6.0
12 140 60 0
13:00
14:00

)
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© .TABLEA-T
TUBE NO. WX.3964-E-8
1 IMAGE |PRESSURE | 1, | PERCENT . REMARKS
r) | (eesium) | LEADS | (mmHg) | . .0 o) TRANSMISSION "
‘es) | tamperes) | Vel
Eb 1 x ld-:
2x 107,
1x 10'5
1x10°
5x 10-6 $ minutes outgas
4-7
4-7 .
4-1
4-7
4.7
4.7
4-7 30
Gloﬁ-discharge
2.0 3-6 0 | |
3 3-6 ‘6 °
4 3.6 [7x10 o
5 3-6 % 0
5.5 3-6 2.5 x 10 o
5.8 3.6 15
6.0 3-6 1.0
6.0 3-6 14
6.0 3-6 22
Tipeoff (intermittent internal
b lhort’
2.0 x 10 S
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OPERATION

TEMPERATURE

| TIME

{Ag-Bi)

(amperes)l

| 8 ;
{getter)
(amperes)

i

{cesium)
(amperes

Bake

’
Getter outgas

Ag-Bi outgas.and
evaporation

Oxidation

Cesiation

Reactivation

400°C
150°C

Room

Room
Room
Room
Room
Room
Room
Room

Room

150°C
150°C
150°C
150¢°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C

7 hours
15:02

5 minutes

30 seconds
30 seconds
30 seconds
30 seconds
30 seconds
30 seconds
2 minutes

2.9
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 TABLE A8
TUBE NO. WX-3964-E-9
I 1 IMACE |PRESSURE Lt ' PERCENT REMARKS
getter) | {cesium) ] LEADS | (mm Hpg) s { TRANSMISSION R [
nperes) [{amperes) 3 ‘ (microamps) -
2.0 ] ' | r
47
3% 107 30
0.150 30 No change in transmission

6 3-6 100/60
5 30 Note: The second reading §
6 65/35 signifies dark current.
4 10
3 8
2 0
0 5/2 .
6 52
6.5 140
5.5 31
4 9
3 8
2 6
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APPENDIX B |
CALCULATIONS FOR PHOTOCELL TESTING STATION

Photocell test Jamps are calibrated in candles in & specified diroction’
by the Natjonal Bureau of St'an’é?:ds. The geometry necessary to give & h
solid angle subtending a light aus of L lumens is calculated below.

By gdefinition, 47 lumens per candle are emitted through the surface of
any sphere of radius R. To restrict the light flux for the purpose of measure-
ment of photoemissive surfaces, an iris is placed at 2 distance R irom the
light source of candle power I as shown in figure B-1. |

180I0Y =38¢=VA~{3

Figure B-1. Photocell Testing Station Geometry

61
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. ©f the total fluit of 47 § umens pasging ihrough 2 sphere of radius R, only

that portion passing through the eap is desired, {.e,,' L. lumens. This is
eomputed by '

area of eap
surface area of sphere -

L = {total light flux} x

:
L=4»1 (—-—El-Rh——) where:h=R 2 Rz - e {From figure Bel} J
2 : 4 o
' 47 R : .
Therefore, solving for R in terma of the other variables,

T jesemEy 00 et

e
' 'J4n(£).x-

For a Westinghouse Tést Lamp 5A/T14P, NBS Designation 6053
I = 115.6 candle power

L = ) tumen desired
d

[romesy: pEEaEEY  Gumti]

l«inch circular aperture

"“"j 1115.6 )
R ' = 9,83 inches

Jor (et i

This can be taken as the distance {R = h), since h is less than 0,05 inch.

1 3

Also, by similar triangles, the distance between a 3~inch photocathode and
the light source is 3 times the distance between iris and light source, or
28-1/2 inches.

The following parameters have been calculated for the NBS 6053 photoe
cell test light: '

Lumens Iris d +  Distance R
{inches) (inches) |
0.1 0.% 15.1 o )
0.1 1.0 30,! .
1.0 1.0 9.5 )
10.0 1.0 3.0
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"APPENDIXC .
- TENTATIVE DESIGN OF WX.4209

Ths jollowing figurei depict the tentative dei!gi\ of Tube WX-4209.
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APERTURE
[ )

AREA s 5.80 IN2 h
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(@ PHOTOCATHODE SUBSTRATE
@ ANODE WESH SUPPORT

(© 6LASS BACR PLATE

@© o0.LASS SPACER RING

©® AaNODE MESH SUPPORT RING
® anoDE ueeH

L N, e N, W, -

16010V =381~ VA-1§

L ]

t4

Figare C-1. WX-4209 Photoemissive Power Converter Asgembly
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Figure C-2. WX-4209 Photoemissive Power Converter - Mesh
to Anode Support Assembdly
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Figure c 3. WX-4209 Photoemigsive Power Converter
Anode Subassembly
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Pigure C-5. WX-4209 Anode Mesh Support
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i'igure C-6. WX-4209 Photoemissive Power Generator
© Glass Back Plate
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MATERIAL: MICROSHEET GLASS -
® Lo .
o® ! . :
THICKNESS
: DEPENDS UPON
a3 /4 00 1 8L (3-10MILS)

18010 V=353-¥2+20

B

D §

Figure C.?7. WX-4209 Glass Spacer Ring @
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Figure c;s. WX.4209 Anode Mesh Support Ring@ .

71




9462

=

o ee e Apasm

o L
i - 2%/80 >
N S P16 D —1

-
-..."_t e 3/80 TR b $8 GUIng

7

; e Ve \
1/4-20 . COPFER

3 (P pfemee

D e
—3
A=
i

"

f\w _ omass
-
—o] s le=— 1780

(80I0VY 51 VA 22

Figure €-9. WX-4209 Photoemissive Power Generator -
Welding Jig - Anode Mesh to Anode Support

presst  gROEE  pnaS] pEDWe  aewR  PRAEy  pepe) pmmesy

pre=n  Pmmey  paceels @EEET  PRPWE@




e

_ 7%®74m — e 9462

MANDATORY DISTRIBUTION LIST
SEMI ANNUAL REPORT
ARPA ORDER NO, £0-59

Director

Advanced Research Projacts Agency
Washington 25, D.C.

THRU: OCSig0,

ATTN; S8IGRD=4a-3 (6)

Chief Signal Officer

Department of the Army
Washington 25, D.C.

ATTN; SIGRD-4a-3 {8)

Naval Research Laboratory
Washington 25, D.C.
ATTN: Code 54 (1)

Commanding General
Army Ballistics Missile Agency
Redstone Arsenal, Alabama - (1)

Diréctor
Astro-Electronics Division
Communications Department
» U.S. Army Signal R&D Laboratory
{ Fort Monmouth, New Jersey 1)

OASD (R&E), Rm 3E-1065 -

The Pentagon

Washington 25, D.C.

ATTN: Technical Library (1)

Chief Signal Officer

Department of the Army
Washington 25, D.C.

ATTN: SIGRD ()

Director, U.S. Naval Research Lab.
Washington 25, D.G.
ATTN: Code 2027 (1)

Commanding Officer & Director
U.S. Navy Electronics Laboratory
San Diego 52, California (1)

Commander

Wright Air Development Division
Wright-Patterson Air Force Base,
Ohio ' .
ATTN: WCOS1-3 (2)
ATTN: WCLEPA (1)

Commandey, Air Force Command and
Control Development Division

Air Research & Development Command
United States Air Force

Laurence . Hanscom Field

Bedford, Massachusetts :
ATTN: CROTR (1)

Comraander, Rome Air Development
Center

Air Rescarch and Development Com e«
mand .

Criffiss Air Force Base, New York
ATTN: RCOIL-2 (1)

Commanding CGeneral
U.S. Army Electronic Proving Ground

Fort Huachuca, Arizona (1)
Director

Armed Services Technical Information
Agency

Arlington Hall Station
Arlington 12, Virginia
ATTN¢ TIPDR (10)

73



->gm -

S

.me

e

foccisiznnizavaraho

9462 | | ' 'ﬂ®7m L

Chief, West Coast Office

U.S. Army Signal R&D Laboratory
75 South Grand Ave, Bldg. 6
Pasadena 2, California (1)

Commanding Officer

U.S. Army Signal Material Support
Agency

Fort Monmouth, New Jersey
ATTN: SIGFM/ES-ADJ (1)

Commanding Officer

U.S. Army Signal R&D Laboratory
Fort Monmouth, New Jersey
ATTN: SIGRA/SL-P (1)
ATTN; SIGRA/SL-ADJ (1)
ATTN: Director of Research (1)
ATTN: Tech Document Center (1)
ATTN: SIGRA/SL-.PS (5)

Chief, U.S. Army Security Agency
Arlington Hall Station
Arlington 12, Virginia - (2)

Deputy President

U.S. Army Security Agency Board
Arlington Hall Station )
Arlington 12, Virginia (1)

Mr. George B. Ferguson
U, S. Army Ordnance Missile Come
mand

" ATTN: ORDXM-RR

Redstone Arsenal, Alabama (1)

Dr. S. J. Magram

Army Research Qffice

Office, Chief of Research & Devel-
opment

Arlington Hall Station

Arlington 12, Virginia (1)

Mr. B. James Wilson

Naval Research Laboratory

(Code 5230) ,

Department of the Navy
Washington 25, D.C. (1)

74

Lt, Comdr F. W. Anders

Bureau of Ships {Code 353)
Department of the Navy ,
Washington 25, D.C. . Q)

L8, Comdr George L. Bliss
Bureau of Naval Weapons (Cods
RAAE-5) |
Department of the Navy

Washington 25, D, C. )
Major W. G. Alexander

Hg., USAF

ATTN: AFDRD-AN

Washington 25, D.C. (1)

Mr. George W. Sherman

Wright Air Development Division
ATTN: WCLEE

Wright-Patterson Air Force Base
Ohio (1)

Mr. G. B. Wareham

Equipment & Supplies Division
Office, Fuels, Materials & Ordnance
Office, Director of Defense Research
and Engineering

Department of Defense

Washington 25, D.C. (1)

Mr. David Novik

* National Aeronautics & Space Admin,

1512 H Street, N. W.
Washingtoa 25, D.C. (1)

Dr. Nathan W. Synder

Institute for Defense Analysis
Research & Engineering Support Div.
1825 Connecticut Ave. N. W,
Washington, D.C. : (1)

National Research Corporation

70 Memorial Drive

Cambridge, Massachusetts

ATTN: Miss N. E, Coughlin,
Librarian (1)

lzm

[remmy eeg] Ja ] iy Jr—

| S sy

llmzn:.'q .

s

[ -



S

| E—1

[ 'smul 'M |.d-.‘ . 4;\-.‘9 A Pﬂ,ﬁ“ '-, it ‘I

_ -ﬁ’i@:ﬁ-.'

Commanding Qfficer

yY.S. Army Signal R&D Laboratory
Fort Monmouth, New Jersey
ATTN: SIGFM/EL-PD ‘ (1)

Dr. Norman Rosenberg

Air Force Cambridge Research
Center

ATTN: CRZAP

L. G. Hanscom Field

Bedford, Massachusetts (1)

Major George W. Austin
Air Force Ballisti¢ Missile Division
Headquarters ARDC

- ATTN: WDZW

Air Force Unit Post Office
Los Angele# 45, California (1)

Mr, Rudolph A. Bradbury

Air Force Cambridge Research
Center

ATTN: CRRSC

L. G, Hanscom Field

Bedford, Massachusetts (1)

Mz. Joseph B, Brauer

Rome Air Development Center
ATTN: RCSG

Griffiss Air Force Base

New York (1)

Mr, Joseph N. Hallisey, Jr.

NASA Langley Research Center
Langley Air Force Base

Virginia (1

Mr. Milton Knight

Bureau of Aeronautics

(Code AE-800)

Department of the Navy
Washington 25, D, C.. (1)

Mr., George E. Thompson

Wright Air Development

ATTN: WCLEP

Wright=-Patterson Air Force Base
Ohio (1)

9462

Mr. Albert E. von Doenhoft
National Aeronautics & Spate Admin.
1512 H Street, N. W.

Washington 25, D.C. ¢)

Mr. Phil Youngblood .

Army Ballistic Missile Agency
ATTN: ORDAB-DCEG

Redstone Araenal, Alabama (1)

Dr. Ralph Zirkind

Bureau of Aeronautics

Department of the Navy

Washington 45, D.C. (1)

Mr. R. W, Cyrran
Boeing Airplane Company
Seattle, Washington (1)

International Rectifier Corp

233 Kansas Street

El Segundo, California

ATTN: Dr. G.A. Escoffery (1)

Texas Instrument Inc.

Semi Conductor Components Division
P. O. Box 312

Dallas, Texas

ATTN: Pat Brown . (1)

California Institute of Technology
4800 Oak Grove Drive

Pasadena 3, California

ATTN: Mr. K. Ray

Jet Propulsion Ladb (1)

Radio Corporation of America

RCA Laboratories

Princeton, N.J.

ATTN: P. Rappaport {1

Lockheed Aircraft Corporation
Missiles & Space Division

3251 Hanover Road

Palo Alto, California

ATTN: Dr. W. Kapp (1)

75



9462 74*@74,“

Shockley Transistor Corp

391 South San Antonio Road
Mountain View, California
ATTN: Dr, W. Shockley {1)

W. R. Grace Chemical Company
Washington Research Center
Clarksville, Maryland ) 1)

The Eagle-Picher Company
200 9th Avenue, N¢ E.
Miami, Oklahoma (1)

Armour Research ¥ o_u.ndation
10 West 35th St.
Chicago 16, lllinois (1)

Transitron Electronic Corp.
168-182 Albian Street
Wakefield, Mass. (1)

Spectrolab, Inc.
7423 Varna Avenue
North Hollywood, California (1)

General Electric Company
Monmouth District Qffice

43 W, Front Street

Red Bank, New Jersey (1)

ITT Components Division

P, O, Box 412

Clifton, New Jersey

ATTN: Mr, S, Sherman (1)

Bell Telephone Laboratories
Murray Hill, New Jersey
ATTN: Mr. U. B. Thomas Q1)

Hoffman Electronics Corporation
Semiconductor Division

1001 Arden Drive

El Monte, California

ATTN: Mr. M. A. Zullo (1)

76




b

TATIISSVIONN

43uaBy uopmwsoquy 192199221 s83jasag paury

udwdinbyg wnnoey €1
sung uiyy 71

swit g 3unonpuodnusg -
s[etiajepy 2udareojoyd ‘gl

satsdyd ai®ig priog -
sapolqg
sTI2D 2ra3daypvojoyyg
$9qn j, uoa3d31g wnisan
§92143(g aqn j, uoajydafyg
193J3q 214393 [2030yg
4doosoajoadg pue saondo
uory

N~ oo

“INPOLg 13m0g Ted1adalg 7

wawdmmby 1omog

AdIJISSVIONN

(22a0)

1= eEnElEeasp g pue s pERIIER0E DR R
sigimpl supon WlEANGY B unisdpaamon jo @ A,

ity peagyeEwy Iy
(bLn 25 wi0-90° Wi op 1oRdgasi)

i i EE RV PR

(50 fo0 &0 BAWE ‘o0 weL 100 b fevE om0 Tuzag)
‘aEfREl R

i pp b e B gag) dgng aog pasday

Wiy “YETAFIAWY JIHLITMVEY 341

ALLANTR PO A B LS TTN NG MO YR
R R R T ]

T AN AL SISt tUAIDAY &8 3aa0
soipaipy jersedy Y odoosy SUEnaEs o8 Bries

Alg -av

AQILIISSYVTONN

£2uslly WTIeNIONU] [PI[UYIS ] S8DJALRE PINIY

wawdinbg winnoepy
suwi[tg ulyy,
sw(t g Buizonpuodtwiag
8fellajep dlIjda[a0j0ydg
s21syg 9e1g pIIog
sapolq
s[[aD 21a3da[a030yd
89qn ] UOIIDS[F wnisan
830TA( dqn ] uoajda(g
10a§)q 214323203044
Adoosoayzadg pue sondg
uoty
-onpoad 4amod [ed1a322]qd
uawdinbyg aamog

QATAISSYIONN

el
A
T
01

MO~ Do

[N

(19n0)

Jo juawdolaaap ay) pue 1amod je2113Da[3 OYUT XNfJ
uojoyd ae[0s 3124Au0d 0] uoissiwvojoyd Jo asn YL

jaoday patjisseiouf

(TovL8 DS-6£0-9€-va "ON 312e13u0D)

( roN 3d0ddy d1jrjustog)
(€0 100 60 66VE "ON As2L 1100 60 66VE "ON -foid)
*sarqey "snil [out

dd g '0961 29q yBnoayy 961 Anf 10y ja0day
Tenuuenuag “HYAIIITAWNY DINLANVEVd AdAL
DILANDVWOHYHA I YA LAWITTIWN NO HOUHVHSHYH
‘PN ‘9dowrnfeg

‘uotsiAalg aqn I 2tuoa IS ‘uUo11dag sad1al(
uoa323|qg [e1dadg ¢ -diop draydorg esnoyJurisam

%] -av

TATJISSVIINN

£ousdy vopemosu] [eotuyaey, seajasag pausy

wawdmbyg wnnosep ¢y

Tm>ov

Jo juswdojaaap ay) pue tomod [edta3da{a ojur xmyj

QAIJISSVTONDO

£2UsByY UOCTIBWIOJU] [BIUYID L BSI[AIIS PIWSY

(1aa0)

. juswidinbyg wnnoep  fi| Jo Judwdoisasp ay) pue 1amod [EI113D3[a OUL X[}
swtg uyl -zi] uoloyd iejos 3a12au0d 03 uorssmuaojoyd Jo asn ayj, switg uryy -z} uoiloyd zejos jasaucd 0y uoissiwoojoyd Jo osn 3y

swtg Sundnpuoonuag -1 swit g Sunonpuoosrwiag ‘1|
sTelaajepy douaafaojoyd ‘ol jaoday parjisse[oun sferddjep d113da(aooyd gl jao0day patjissedufn
s218dyd a3mig prjog ¢ (10¥28 DS-6£0-9€-vA "ON 12E13U0)) so1sfyg 23wIg pIOS 6 (10¥L8 DS-6£0-9€-¥d "ON 32BIIUOD)
sapoyy g { ‘oN 310day o1j13uatdg) sopoy '8 { ‘o doday 2131juaidg)
S{iaD d113da1aojoyg L (€0 100 60 66VE "ON sel '100 60 66VE ON -(oxd) s[9D d1a329190304d L |(£0 100 60 66VE "ON dSeL ‘100 60 66VE "ON “{oid)
S3qnL uo13dD[Yg winisan -9 -sa[qel -su -[aut saqn] uoajda[g wuisan -9 ‘s9]qe} -snypt "paul
832143 aqn], uoa3ds|y -G ‘dd 22 0961 2aqg yBnoiyy 9961 AInr 10j 310day sadlaag aqn], uoajdafd g ‘dd 11 0961 29a yBnoayy o961 A[ng 205 j10day
12333 dra3ddfe0joyd Tenuuetwag "YIAIIITANY DIHLINVIVd AdAL 10ajyq drajda(eoloyd ¢ Tenuuetwag "YAIAITAWY DIYLINVEVL IdAL
Adodsoa3oadg pue so1do ‘¢ | DILANDVINOYYAS YA LAWTTTIN NO HOUVIASIY Adooso1yaadg pue so1idg ¢ | DILANDVIWOUHA A HALAWITIIN NO HOUVASI Y
uoy . ‘P ‘saowiifeg . uory ‘PW ‘saowitied
-npolg i1amog Tedtajdoalyg -7 ‘uoTsIAY] QN ] d21u0a3091g ‘uorjoag sad1aag -JdNpoId 13mOod [edtaioafyd -7 ‘uorstayg agnJ J1UoJIDI[ ‘U01II3G S$9D1A(
wawdinby asmog 1 uoa3}d9[q [erdadg *-dion 2113201y asnoyBurisam yuawdinbg aamog | uoajda|yg jetdadg ! ‘daion 211103y 9snoyBusom
JILJISSVIONN ‘aig -av QATIISSYIOND ‘alq -av

17

o]



e LB Emay U § e (& A = | . | . ' . i i ! et '
AJITAISSYIONN AIIIISSVTIINN |
ra0jeaauad 3ojoyd sserd-uiy) syj pue iojeiausfojoyd -10jea3usdojoyd sserd-uryy ayj pue i1ojesduaddojoyd
602F-XM 241 4y10q 10] uaa1d s1 134 IX3U Y3 10j 607F-X M 243 Yi0q 10f usaid st aeak 1xau 2y} 10}
8Y268DS-6£0-9¢-vVd I0om JO HNPAYIS ¥ -om) ayy jo Lyjiqriedwos ay)y 8P268DS-LED-9¢ - VA N40M JO 2[NPoYIs Y ‘omj oyj jo Ajiiqriedwiod ayy
IDRIIUOD)  -fjl Buimoys ‘uaatd st gozp-XM oY) Jo uSisep ayj pue 32eljuo) iy Buimoys ‘uan18 st g07H- XM @Yl 30 uBisop ay) pue
T "N ‘Ymowuop passndsip st wajysAs Buissaaoad Buiquy-sserd e jo ‘r N ‘Yanowuopy possnasIp s1 wayshs duissosoad Juiqny-sseld e jo
Hoq ‘Aiojeioqe] judw uf1sap 3AnEIUd} ¥ -uonelsS22 BUINp SWIN[OA [[eW S 1104 ‘*Adojeroqery juow u8isap 9AljRUS] ¥ uOIIRISS D JULINP JwWin[oa [[ews
-dotoas(q pue yaaessay e 3o A,i]Iqe1lsap ay) pue sjuauodwios aqny uead -doyaAag pue Ydueasay e Jo Ajfiqeaisop 9yj pue sjusuodwiod egny ueald
1eudig Ay -g-p Jo Ay1ssadou ayy Suimoys ‘udar8 sue sjuswriadxe [eudig Away ‘g 30 A31ssed9u vyj Juimoys ‘uaard aae sjuswiiiodxa
‘iusuryiedaqg yoaeasay aqnjojoyd )z2H- XM Pue ael-(jaq ayj jo sjmsai ay L, ‘quawijaedag yaitrvosoy agnjojoyd g722%-X M Pue Jel-1[oq ayj Jo s3nsod a3yl
siusuodwon dtuoa3day ‘Buroeds apoyjesojoyd-o3-aspoue uo spuadap Asuato sjuauodwon) J1U0LIIF -gdurseds spoyjesrojoyd-oj-opoure uo spusdap L2uUatd
‘uotsIALg savanog 1amod  CIf -13J8 moy moys pue pajuasaad sie pgeg-X M Bpoue ‘UDISTIAY] S924N0g 1amod 11 -15}@ MmOy moys pue pajursaad aae pgpg- X M PPOUR
123194u00 £313ug retog -d1qeAQW 3] Yilm pauleiqo sinsaa jejudwiaaddxy 19112Au07) ABaauyg aejog - 31QBAOW Y7} UMM paULEqO $}NsId [ejuawitiadxy
uorssnudojoyg :eqity f [Apnis swy3 ur paidpisuod sie aoeds uy asn 10j Iiqe uolssiwaoloyd :ApLL ‘1 [APMis s1Y) ul poasplsuod oae adeds ul 3sn 10} Iqe
swaisdg wnnoey || -ins 10jeaauafojoyd jySram-un- aad-1omod ySy e swalshg wnnae, 1| -1ns sojeaausdoroyd ysiom- tun-aad-1amod ysiy e
TI1A1SSVTOND -av QITAISSVTIONA -av
TIIISSVTIOND QF1AISSYIONN
ra0jeaauabojoyd sse[8-uty) ayj pue iojeaasuadojoyd saojeaouadojoyd ssepd-unygy oygy pure 1ojeaauodojoyd
60Z¥-XiA @4l Y1oq 10j uaard st aeak 3xau ayj 10j 607~ XM Ol Y104 40) uo =18 st aeak Jxou oyl 10y
8¥298DS-6£0-9¢-vda MI0Mm JO 3[NPayYds v -omj) ayj Jo Ayjiqredwod ayy 8¥758DS-6£0-9¢ - vd MAOM JO 0npayds v coag oyl fu Anpigiedwaon ogy
j2eIjUOC)  III Buimoys ‘uaar@ st gozH- XM @Yl jo udisap ayj pue joeduony (i1 Burmoys ‘uoard st 0TE- XM oY) Jo udtsop oyl pue
‘L 'N ‘ynouruop passnosIp st wajlsds Buissadoad Juiqny-sse(d e jo f N ‘Yimowuop PoSSNOSIP s Wojsis Buissosoad duiquy-ssegd v jo
1104 ‘Aiojeaoqery jusw udisap sAmmuUel Y ‘UOIjeISad JUlINp SWIN[OA [[RWS 1104 ‘Aaojeaoqger] juowd UBISOP DALIRIUIY Yy CuoTeLs o) Huninp ownjos peus
-do[aaa pue ysaeasay e Jo L1tj1qeaisap ayj pue sjuauodwod aqny uead -dogoaa@ pue \oarosay v 3o Ajpiquatsap oyl pue sjusuoduwiod aqu) uea
. teusig Away ‘g'n 3O Ajtssanau ay)y Buimoys ‘uaarl aaie sjuawiaadxa 1eudig Away ‘g Jo KAtssooou o) Fuimoys fuoatd oaw sjusuttiodxo
‘jusujaedaqg yoarvesay aqniojoyd gzzH- XM Pue iel-1[aq 3yl jo sinsad ayJ ‘juswijaedoq yodarvosoy ogniojoyd gzzE-Xm put Jef-11o4q oy} Jo sipnsaa Dy
sjuduodwo) druoadarg *Buraeds apoyjedojoyd- 0)-apoue uo spuadap Lousatd sjusuodwio ) S1uod Iy ‘Buiavds opoiraojoyd- oi-opoue uo spusdop Aduarw
.CO«mTJQ $32an0g 1amod “‘JI -1}jJ@ MO0y woys pue vvuﬂwwuh& 8l1e $96e- XM 2poue ‘UDTSTIAYJ S924N0G 19mod [ -13}9 MO moys puv 1:3:;7@..& a8 F9he - X M vpour
133118AU0) >m.~w:ﬂ Jejog -3[qeA0w 3Y) y}im paureiqo sinsaa [ejusdwriadxyg 13ja0au0n) ABasug aejog SOIQEACU 2} YIIm PAULE O Sinsad Jjuowtrodxyy
uolsstwaojoyd :aQitl ‘] |Apmis siyj ur palapisuos sie aoeds ui asn 10§ I[qe uoissiwooloyd oNItL 1 [APuis siyy wl poaspisuod vae adeds ut osn a0j ofqE
swalshg wnnaey Cp1 -1ns aojeazuafojoyd ySraom-qun-aad-samod yfdiy e swolshg WDk cp[ | -10s dojedsuadojoyd pBrom-jun-aod-tomod ydiy v

AIIIISSVIONA

ddldISSVTIIONN

-av

78



UNCLASSIFIED -

UNCLASSIFIED



